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HIGH INTENSITY RAINFALL AND MAJOR FLOODS IN PUERTO RICO 


Michael A. Quifiones! AM ASCE. 


INTRODUCTION 


Information on rainfall intensities of short duration is particularly essen- 
tial in estimating flood flows in Puerto Rico. Due to the small size of the 
Island, which measures approximately 100 miles long by 30 miles wide with 
its longer axis on an east-west direction, the watersheds contributing runoff 
to the streams are necessarily small, the drainage area of the three larger 
streams (Loiza, Arecibo and Anasco Rivers) being 330, 230, and 190 square 
miles respectively. The island is divided into two main north and south 
watersheds by its central mountain range which rises up to elevation 4000 
feet and which runs approximately parallel to the longitudinal center line of 
the Island and at an average of some 15 miles from the South Coast. The 
streams, most of which run northward into the Atlantic Ocean or southward 
into the Caribbean sea, have very steep slopes along a large part of their 
length, with relatively short flat sections across the coastal plains. 

These factors contribute to make the "'time of concentration" of these 
streams - defined as the time that it takes the water to travel from the far- 
thermost point in the watershed to any point in the stream - relatively small, 
the same being estimated under intense rainfalls to be, in the majority of the 
cases, of the order of 2 to 3 hours for the entire stream, and in the case of 
some of the headwater hydro-electric developments, of from 10 to 15 minutes. 
The need is therefore apparent for information of maximum rainfall intensi- 
ties of short duration, to be used in the determination, by rational methods, of 
maximum flood flows to be expected from these streams. 

Except for those at the Capital City of San Juan, there are no continuous 
records of rainfall of short duration in Puerto Rico which may be used for 
this purpose. Although 24-hour rainfalls have been recorded at many loca- 
tions in Puerto Rico since the latter part of the nineteenth century, and at 
present records are available from some 325 rainfall stations throughout the 
Island, only a few of these have self-recording instruments from which short 
duration records can be obtained, and then most of the latter have been taken 
during relatively short periods which do not afford a reliable basis for sta- 
tistical studies. 

This paper presents a compilation of that rainfall information in Puerto 
Rico which is considered to be pertinent to the problem, and of studies made 
in an effort to derive, from the incomplete records available at present, a 
tentative pattern of rainfall which may be used as a basis for the rational de- 
termination of flood flows in Puerto Rico. Studies of the extensive records 
available at San Juan indicate a definite pattern and behavior of rainfall, as to 
intensity - duration - frequency relation, which follows the general pattern 
observed in the United States and is very similar to that in the state of Flor- 
ida. A comparison between the 24-hour rainfalls of high intensity at San Juan, 


1. Chief Engineer, Puerto Rico Water Resources Authority. 
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and 163 heavy storms recorded throughout the Island during the last 53 years, 
further indicates a similarity of pattern, from which an estimated intensity - 
duration - frequency relation for maximum rainfalls throughout the Island 
has been determined. This relation is represented in graph form and also 
equations representing the same have been developed. 

Besides presenting records on normal rainfall as well as on rainfalls of 
high intensity in Puerto Rico, data on the distribution of rainfall throughout 
the Island during 3 storms - most of them during tropical hurricanes - is 
included in the paper. In additions, there are also included estimates of flood 
flows in two streams in the Island, during two of these storms, which appear 
to be of unusual magnitude even when compared to record breaking floods in 
the United States and other countries from watersheds of similar size. 

The need is apparent for the installation throughout the Island of additional 
stations with self-recording instruments which will furnish more information 
on short duration rainfall intensities, to provide a check on the tentative rain- 
fall pattern herein proposed for Puerto Rico. It would also be of interest to 
know how similar data recorded in neighboring countries, where similar con- 
ditions prevail, would fit in the tentative pattern proposed. 

The cooperation of the U. S. Weather Bureau Office at San Juan, P.R., and 
of the U. S. Soil Conservation Service in furnishing rainfall data is gratefully 
acknowledged. The writer is indebted to Mr. R. Solivan2 and Mr. A. Aguilar, 
Ir.3 who kindly helped in the compilation of the original hydrographic rec- 
ords, and to Mr. William Marquez,* who has assisted in the assembly, analy- 
sis and presentation of the data. 


General 


The U. S. Weather Bureau has described rainfall in Puerto Rico as follows: 
"The rains, while frequently very heavy, are usually of short duration. The 
average duration of a shower is probably not more than ten or twelve minutes, 
although on many occasions a series of intermittent showers will extend over 
a period of an hour or two. During the passage of a tropical hurricane, or 
when one of the more extensive north Atlantic storms passes eastward along 
a more southern route than usual, the period of continuous rainfall may be 
extended to several hours and even throughout the day, or there may be sev- 
eral successive days of unsettled weather with frequent showers." 

Rainfall records in Puerto Rico are of a rather limited nature. Although 
there are records available from some 325 rainfall stations throughout the 
Island, only a few of these stations have self-recording instruments. The 
rest of the stations have observations taken once or twice daily. 207 of these 
stations are operated by the sugar mills and sugar cane growers and are 
located in clusters along the coastal plains of the Island. The other 118 sta- 
tions, operated by the U. S. Weather Bureau and other Insular and Federal 
Government agencies, are fairly well distributed throughout the Island. Of 
these, 87 stations are at present under operation, 28 of which have continuous 
records since the year 1899 or before, and the other 59 have continuous rec- 
ords during shorter periods varying from 8 to 47 years. 

The station with longest record is at San Juan, where monthly records 
were maintained since June, 1867 by the Spanish Authorities, and daily records 


. Formerly Associate Engineer, P.R.W.R.A. 

. Hydrographic Engineer, P.R.W.R.A. 

. Principal Design Engineer, P.R.W.R.A. 

. The Climate of Puerto Rico, by D. L. Fassig. 
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have been taken by the U. S. Weather Bureau since March, 1898. Continuous 
records with self-recording instruments have been taken at San Juan since 
1905, and at a few other stations, operated by the Soil Conservation Service, 
for interrupted periods totalling about 10 years since their installation on or 
about 1937. 

The average annual rainfall for the entire Island is about 76 inches. The 
distribution of mean annual rainfall, as determined from records compiled 
by the U. S. Weather Bureau and the Puerto Rico Water Resources Authority, 
is given on the accompanying Rainfall Map, Exhibit No. 1. There are three 
well defined areas of heavy rainfall, in each of which the annual amount ex- 
ceeds 100 inches; the Luquillo Range, on the northeastern part of the Island; 
the region in the central part of the Island, near the top and on the northern 
slope of the Main Mountain range known as the Cordillera Central (head- 
waters of Arecibo River Basin); and the Mountains near the western end of 
the Cordillera, and in the vicinity of Las Marias and Maricao. 


Maximum 24-Hour Rainfalls 


Table No. 1 on page 364-12 lists in chronological order 163 heavy storms 
with 24-hour rainfall of six inches or more, which have been recorded at the 
different stations in the Island during the 52 year period since the year 1899. 

The heaviest 24-hour rainfalls recorded during the different months in the 
Island are given in Table 2. The highest 24-hour rainfall recorded since the 
establishment of the Climatological Service of the U. S. Weather Bureau in 
1899, occurred at Adjuntas during the ''San Ciriaco" hurricane on August 8, 
1899. The town of Adjuntas was in the center of the path of the hurricane, 
and the local observer reported a rainfall of 23 inches in 24 hours. Although 
this intensity has been recorded once in a period of 52 years, it is believed 
that it corresponds to a longer interval of occurrence. The record of hurri- 
canes in Puerto Rico dates back to 1615. Tradition, history and the best per- 
sonal knowledge, all give the ''San Ciriaco" hurricane as that with the most 
intense rainfall and greatest flood flow. 

A map of the Island showing the approximate distribution of maximum 24- 
hour rainfalls recorded since 1899 is included as Exhibit No. 2. It shows that 
a maximum 24-hour rainfall of 8 inches may be expected in any location in 
the Island. Regions of high intensities follow approximately the areas of 
heavy mean annual rainfall indicated by the Rainfall Map, Exhibit No. 1; that 
is, in general, higher concentrations may be expected to occur near the top 
and in the northern slopes of the Luquillo and Cordillera Central Mountain 
ranges than on the lower lands along the coastal regions. 


Intensity-Duration- Frequency Relation of Storms 


As stated above, the most complete information on rainfall is available at 
San Juan, where rainfall intensities during shorter durations, as well as daily 
rainfall, have been recorded for a long period. These records have been 
Studied in great detail in order to obtain information on the pattern and be- 
havior of rainfall at San Juan, which may be useful in determining the corre- 
sponding pattern and behavior in other sections of the Island where less 
complete data is available. 

The recorded intensities of rainfall, in inches per hour, for 1, 2, 3, 6 and 
24-hour durations in 101 storms at San Juan during the 1905-1950 period of 
record are given in Table No. 3 on page 364-19. These records have been 
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analyzed as to relation between intensity and frequency of occurrence and the 
result plotted on a logarithmic scale is shown on the accompanying Exhibit 
No. 3. 

A regular pattern of rainfall is evidenced by the striking parallelism be- 
tween the lines representing the intensity-frequency relation for these dura- 
tions. It may be observed that in the lines representing the intensity- 
frequency relation for one to six-hour durations there is a distinct change in 
slope for intervals of occurrence greater than 10 years. This tendency is 
not evidenced in the line representing the 24-hour rainfall. As indicated in 
the graph, these lines may be represented by equations, as follows: 


For intervals of occurrence less than 10 years: 


0.32 


1 hour rainfall 0.32 


2 hour rainfall 
3 hour rainfall 
6 hour rainfall 
24 hour rainfall 


(1) 
(2) 
(3) 
(4) 
(5) 


For intervals of occurrence above 10 years: 
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1 hour rainfall 
2 hour rainfall 
3 hour rainfall 
6 hour rainfall 
24 hour rainfall 


Where i = intensity in inches per hour and 
T = interval of occurrence at San Juan in years 
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The above set of equations represent the pattern of rainfall in San Juan. 
Their similarity suggests that all of them may be expressed in one or more 
general rainfall equation of the form 
i = KT* 

te 


in which in addition to the above definition of terms, t represents rainfall 
duration in hours. This general rainfall equation has been used in studies of 
rainfall in the United States, and the values of the coefficient K, and of the ex- 
ponents e and x, have been presented by Bernard, Yarnell,? and others® for 
the central and eastern part of the United States. If values of intensity (as 
ordinates) and durations (as abscissas) obtained from the above set of equa- 
tions for intervals of occurrence of 5, 10, 20 and 50 years are plotted ona 
logarithmic scale, the points indicated in Exhibit No. 4 are obtained. Also 
plotted on this exhibit are points representing the highest intensities reported 


. See Appendix A, by Merrill Bernard, Chief, River and Flood Division, 
U. S. Weather Bureau, in ''Low Dams" National Resources Committee, 
Washington, D. C. 

. "Rainfall Intensity - Frequency Data" by D. L. Yarnell, (U. S. Department 
of Agriculture Miscellaneous Publication No. 204, 1935. 

. "Storm Rainfall of Eastern United States" published by the Miami Con- 
servancy District. 
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by the U. S. Weather Bureau at San Juan, during the 45 years of record (1905- 
1950), and which are as follows: 


Duration Inches Per Hour Date 


5 minutes 9.47 May 22, 1911 
10 minutes 6.12 May 22, 1911 
15 minutes 5.72 May 25, 1916 
30 minutes 4.46 Nov. 11, 1931 

1 hour 3.47 Nov. 11, 1931 

2 hours 2.46 Aug. 15, 1944 

3 hours 1.87 Aug. 15, 1944 

6 hours 1.04 Nov. 11, 1931 
24 hours 0.44 Dec. 13, 1910 


It will be seen that the pattern of rainfall can be well represented by lines 
having a change in slope at a point corresponding to a duration of 1 hour 30 
minutes, with a steeper slope for the longer durations. This pattern is simi- 
lar to that which obtains in the United States, although the slopes of the lines 
and the point of change in slope have other values. For durations greater 
than 1 hour 30 minutes the lines indicating frequence of occurrence below 10 
years are parallel. Above 10 years they are not exactly parallel but rather 
show a tendency to spread out at the right end. This is due to the difference 
observed in Exhibit No. 3 where the curves corresponding to six hour dura- 
tions or less change to a smaller slope for intervals of occurrence greater 
than 10 years, while this tendency is not evidenced in the 24-hour rainfall. 
For durations smaller than 1 hour 30 minutes the information available from 
the rainfall records is very limited and there is no indication to the effect 
that the lines for the various intervals of occurrence should not be parallel. 

Exhibit No. 4 gives a picture of the Intensity-Duration- Frequency relation 
of rainfall at San Juan, Puerto Rico, as complete as possible, within the limi- 
tations of the information available. As indicated on the graph, the intensity- 
duration-frequency relation for San Juan, P. R. may be expressed by four 
equations as follows: 


For durations less than 1 hour 30 minutes: 
Intervals of occurrence 10 years or less 
i= 1.327 (10) 

42°37 
Intervals of occurrence above 10 years 
i = 1.82 (11) 
19-37 


For durations greater than 1 hour 30 minutes: 


Intervals of occurrence 10 years or less 


i 1.56 (12) 


42°78 
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Intervals of occurrence above 10 years 


i- 241 7218 (13) 


42°44 


Where i = intensity in inches per hour 
T = interval of occurrence in years 
t = duration in hours 


Maximum Storms in the Island 


An analysis of the frequencies and intensities of the 24-hour rainfalls of 
large intensity which have occurred at two selected locations, where a larger 
number of storms have been recorded, Adjuntas and Jauca, and in the entire 
Island, is shown plotted logarithmically in Exhibit No. 5. This graph indi- 
cates consistency in the pattern of 24-hour rainfall in the different locations 
and for the entire Island. The points indicating frequencies of occurrence 
versus intensities fall approximately along parallel lines having the same 
slope as that of the intensity-frequency curves for San Juan shown in Exhibit 
No. 3. While the lines corresponding to San Juan, Jauca and Adjuntas have 
a single slope, that corresponding to the entire island indicates a tendency, 
previously observed in the short time rainfalls in San Juan, to change in 
slope for intervals of occurrence greater than 10 years. This similarity sug- 
gests a uniform pattern of rainfall in the island consisting of lines with slopes 
parallel to line (A) in Exhibit No. 5. It is possible that this pattern would be 
evidenced in all stations if sufficient records were available. 

A thorough study of the short time records of a few stations with automatic 
recorders operated for short periods (1 to 7 years) within the last 14 years, 
(1938-1952) by the Soil Conservation Service gives the maximum intensities 
recorded during this period as follows: 


Duration Inches Per Hour Date Location 


5 minutes 5 October 21, 1940 Las Mesas, Mayaguez 
10 minutes i August 16, 1944 Las Mesas, Mayaguez 
20 minutes j August 1, 1939 Las Mesas, Mayaguez 

1 hcur A August 5, 1939 Barrancon, Vieques 

2 hours ; August 5, 1939 Barrancon, Vieques 


The stations above referred to are situated at such scattered locations as 
Mayaguex, Luquillo, Cayey, Adjuntas, Salinas (Aguirre), Arroyo, Rio Piedras, 
Patillas, Comerio and Vieques. The above values, therefore, may be con- 
sidered as a 5-year frequency record for the entire Island. They have been 
plotted, together with the 24-hour rainfall having a 5-year frequency. on Ex- 
hibit No. 6. It may be observed that two lines having a change in slope at the 
point corresponding to 1 hour 30 minutes, with a steeper slope for the longer 
durations and similar to those obtaining for San Juan in Exhibit No. 4, may 
be drawn through these points to represent the intensity-duration curve, of 
the maximum 5-year rainfalls in Puerto Rico. Furthermore, the slope of the 
line under 1 hour 30 minutes duration (0.37) is equal to that of the corre- 
sponding lines for different frequencies at San Juan (0.37). 

The points for 24-hour rainfails with frequencies of 10, 20, 30 and 50 years 
in the Island, taken-off from the curve on Exhibit No. 5, are also plotted on 
Exhibit No. 6. Lines thru these points and parallel to the 5-year frequency 
curve have been drawn to represent the estimated intensity-duration curves 
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for the maximum 10, 20, 30 and 50 year rainfalls in Puerto Rico. These 
lines follow a pattern similar to that indicated for San Juan in Exhibit No. 4 
and have been indicated parallel throughout because of the consistent paral- 
lelism observed between the short duration curves in Exhibit No. 3 for San 
Juan and the 24-hour duration curve for the entire Island given in Exhibit 
No. 5. 

A search of all available rainfall records during the last 50 years has 
indicated the following extraordinary storms during which the maximum in- 
tensities have been recorded in the Island: 


Duration Depth in Inches Date Location 
48 hours 29.60 Sept. 13-14, 1928 Adjuntas 
24 hours 23 August 8, 1899 Adjuntas 
12 hours 18.22 Sept. 7, 1910 Naguabo 
12 hours 17.40 March 3, 1933 Mayaguez 
4 hours 10.10 May 19, 1940 Toro Negro 
Plant No. 2 
45 minutes 4.30 November 18, 1941 Jauca 


The highest 48-hour rainfall was recorded at Adjuntas during the "San 
Felipe" hurricane, on September 13-14, 1928. During these two days a total 
of 29.60 inches of rainfall was recorded at Adjuntas. During the same 48 
hour period, 26.40 inches were recorded at Limani Station and 21.80 inches 


at Jauca Station, both of these in the vicinity of Adjuntas. Exhibit No. 9 shows 


the location of these stations and the approximate distribution of rainfall in 
the neighboring area during that storm. 

The "San Ciriaco" storm, on August 8, 1899, has been discussed at the 
beginning of this chapter, and the approximate rainfall distribution during 
this storm is shown in Exhibit No. 8. The storm of March 3, 1933 in the area 
near Mayaguez caused an unusual flood of the Yaguez River which inundated 
part of the city of Mayaguez with heavy loss of property. According to the 
records in the Weather Bureau, rain started at 12:30 P.M., March 3 and 
stopped at 12:30 A.M., March 4. 

The storm of May 19, 1940 covered most of the Island, with heavy concen- 
tration in the central section as indicated in Exhibit No. 10. It caused the 


greatest flood recorded at the Guayabai reservoir. The rainfall at Toro Negro 


Plant No. 1, near Villalba, was 11.73 inches during 24 hours with a concen- 
tration of 9.78 inches in four hours, while at Toro Negro Plant No. 2, on the 
northern side of the divide, it was 12.10 inches during 24 hours with a con- 
centration of 10.10 inches in four hours, and at Guineo Dam it was 12.20 
inches with a concentration of 10.05 inches in four hours. 

The concentration of 4.30 inches in 45 minutes, which occurred during 
May 18, 1941, was reported at Jauca, one of the rainfall stations operated by 
the Water Resources Authority, located as shown in Exhibit No. 9. 

These maximum recorded intensities have been plotted on Exhibit No. 6 in 
order to see how they fit into the estimated frequency curves for the maxi- 
mum storms in the Island. It may be observed that the first four of these 
storms fall along the 50-year frequency curve while the last two fall about 
midway between the 20 and 30-year frequency curves. It is believed that this 
furnishes reasonabie evidence that the estimated frequency-curves are not 
much out of line with what the actual expectancies may be. Exhibit No. 6 is 
offered as a tentative representation cf the intensity-duration-frequency re- 
lation of maximum rainfalls in Puerto Rico, to be used until more complete 
information is available to determine its pattern with greater accuracy. 
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follows: 


For durations less than 1 hour 30 minutes: 


As indicated on the graph, the intensity-duration-frequency relation for 
maximum rainfalls in Puerto Rico may be expressed by four equations as 


Intervals of occurrence 10 years or less 


i= 217 (14) 


49:37 
Intervals of occurrence above 10 years 
0.18 


i = 2.93 T (15) 
40°37 


For durations greater than 1 hour 30 minutes: 


Intervals of occurrence 10 years or less 


i = 2.33 T ined (16) 


49-99 
Intervals of occurrence above 10 years 
0.18 


i = 3.21 T (17) 
42°29 


Exhibit No. 6 gives the interval of occurrence at which the intensities and 
durations indicated are expected to occur throughout the Island. It should be 
noted, however, that the interval of occurrence at which the same intensities 
and durations may be expected to recur at the same location in the Island 
will be comparatively longer. 

As an item of interest it may be noted that rainfall in northern Florida, 
near Jacksonville, may be expressed by the following equations: 


For durations less than 1 hour 


i = 2177 9-18 (18) 


42-39 
For durations above 1 hour 
0.18 


i = 2.22 T (19) 
42-76 


These equations show some similarity between the pattern of rainfall in 
Florida and in San Juan, as may be expected from the fact that the maximum 
rainfall intensities in Puerto Rico often occur during tropical hurricanes, 
many of which go thru Florida. In particular, eq. (13) for durations above 1 
hour 30 minutes at San Juan, P.R. and for intervals above 10 years is very 
similar to eq. (19) for durations above 1 hour at Jacksonville, Florida. Also 
equation (18) for durations less than 1 hour at Florida is very similar to 
equations (11) and (15) for durations less than 1 hour 30 minutes at San Juan 
and in the Island. Equations (16) and (17) for durations above 1 hour and 
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30 minutes in the Island give higher intensities than equation (19) for dura- 
tions above 1 hour at Florida. This comparison is shown graphically in 
Exhibit No. 7. 


TWO MAJOR FLOODS RECORDED IN PUERTO RICO 


General 


Records of past floods in Puerto Rico are very scanty. Since the year 
1924 the Water Resources Authority, then Utilization of Water Resources, 
has had under operation a number of stream gaging stations throughout the 
Island. These stations, however, were intended to measure ordinary flows in 
relation with the development work of the Authority and have not been equipped 
to measure major floods. The absence of records may be partly due to the 
fact that most of the major floods have occurred during hurricanes when most 
of the people are too busy looking for protection of their own lives, and partly 
to lack of curiosity in determining afterwards the magnitudes of the floods. 

Some records have been obtained of major floods occurred during the two 
following storms: 


Date Stream Location 


Sept. 13-14, 1928 La Plata River Comerio Dam 
May 19, 1940 Jacaguas River Guayabal Dam 


Comerio Dam Flood 


Spillings over the Comerio Dam have been recorded since its construction 
in 1914 to the present time. The drainage area above this dam comprises 
135 square miles. The highest flood during this thirty year period occurred 
during the San Felipe hurricane, on September 13-14, 1928. During this flood 
the elevation of the reservoir water surface was approximately as follows: 


Time W. S. Elevation 


Sept. 13 3 P.M. Wind increasing 475.0 (Spillway Crest) 
5 P.M. Began spilling 476.0 
6 P.M. All 3 sluice gates 477.0 
open 
9 P.M. 479.0 
10 P.M. 484.0 
Sept. 14 12 Midnight 490.0 
1 A.M. 491.0 
2 A.M. 493.75 
3 A.M. 488.0 
4 A.M. 485.0 
5 A.M. 484.0 
6 A.M. 483.0 
7 A.M. 483.0 
8 A.M. 482.0 
9 A.M. 481.0 
10 A.M. 481.0 
11 A.M. 480.0 
12 Noon 479.0 
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The sluice gates opened consist of: 


1 - 5' x 5' sluice gate with center line at elev. 434.0 
1 - 5' x 5' sluice gate with center line at elev. 408.5 
1 - 5' x 5' sluice gate with center line at elev. 389.0 
1 - 5' x 5' sluice gate with center line at elev. 382.0 


The Comerio Dam is of the Ambursen flat slab type, with an overflow 
spillway section 360 feet long and two abutment sections 80 feet and 54 feet 
long. The spillway crest is at elevation 475 and the top of the abutmer sec- 
tions, at elevation 490. The spillway is not obstructed by bridge piers so 
that its total length is available for spilling. At its maximum elevation, the 
water overtopped the abutment sections by 3.75 feet. 

Exhibit No. 11 gives a graph of the estimated discharge over the spillway 
and thru the sluices during this flood. The peak discharge at 3 A.M., Septem- 
ber 14, reached 116,000 cfs. Exhibit No. 11 shows a curve indicating the re- 
lation between the discharge over the spillway and thru the sluice gates, and 
the stored volume above the spillway crest of the Comerio Dam. Routing 
this flood over the reservoir gives the inflow curve shown, which indicates a 
peak inflow of 120,000 cfs., equivalent to a discharge of 890 cfs. per square 
mile of drainage area. The drainage basin above Comerio Dam is indicated 
in Exhibit No. 9 with isohyetals indicating the total rainfall during this hurri- 
cane. 


Guayabal Dam Flood 


The highest flood recorded at Guayabal Dam since its construction in 1914 
occurred during the storm of May 19, 1940. The drainage area above Guaya- 
bal Dam comprises 43.4 square miles. It is located on the South central sec- 
tion of the Island, to the southeast of the drainage area above the Caonillas 
damsite. Its location and the approximate distribution of rainfall during this 
storm is indicated in Exhibit No. 10. 

The recorded elevation of the reservoir water surface during this flood 
were as follows: 


W. S. Elevation 


May 19 6:00 A.M. 325.00 Elevation Concrete Crest 
6:00 P.M. 326.45 Top of Flashboards on Crest 
6:50 P.M. 329.00 Flashboards Washed Away 
7:25 P.M. 333.00 
8:15 P.M. 334.15 Overflowed the Abutment 

Section 

9:30 P.M. 333.00 

May 20 6:00 A.M. 325.50 


The Guayabal Dam is an Ambursen flat-slab dam, with an overflow spill- 
way section having a total length of 756 feet (714 feet net length) and an abut- 
ment section 918 feet long. The top of the flat slab on the abutment section 
is at elevation 333. There is an opening 1 foot high and of 816 feet net length 
between the top of the slab and the underside of the highway bridge slab over 
the dam. At the peak of the flood water overflowed thru this opening and the 
maximum water surface reached a level 1.15 feet above the top of the flat 
slab. 

Exhibit No. 12 indicates the estimated spillway discharge during this 
flood. The peak discharge at 8:15 P.M. reached about 70,000 cfs. Exhibit 
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No. 12 gives the relation between spillway discharge and volume stored above 
the spillway crest of Guayabal Dam. Routing of this flood over the Guayabal 
reservoir gives the inflow curve shown in Exhibit No. 13. The maximum 
peak inflow occurred at 7:50 P.M. and amounted to 78,000 cfs., equivalent to 
a discharge of 1,820 cfs. per square mile of drainage area. 


Discussion of Major Floods 


The flood flows in cubic feet per second per square mile during the two 
major floods discussed above have been plotted in Exhibit No. 14 against the 
drainage areas in square miles. For comparison, fifteen record breaking 
floods in the United States and foreign rivers, listed in table No. 4, have been 
plotted in this exhibit. These floods have been taken from a compilation of 
997 unusual flood peaks in the United States and other countries, made by 
C. S. Jarvis, and W. P. Creager, given on figure 1, page 126 of the book 
"Engineering for Dams - Vol. I,"' published by John Wiley & Sons, Inc. Curve 
A is an enveloping curve given by the authors of this book and follows the gen- 
eral trend of the maximum floods compiled with the exclusion of some ex- S 
ceptional floods, as indicated in Exhibit No. 14. It may be noticed that the 
Guayabal and Comerio floods fall substantially along the values given by this 
enveloping curve. This comparison points out the unusual magnitudes of the 
Guayabal and Comerio floods with relation to their drainage areas and indi- 
cates the suitability of curve A as a basis for estimating maximum floods 
from similar areas in Puerto Rico. 
Although a discussion of the relation between maximum flood flow and 
spillway capacity of a dam, or outflow capacity of a culvert, are outside of 
the scope of the paper - in closing, the author would like to caution against 
the application of the rainfall data given herein for determining the maximum 


flow from small drainage areas, without considering also the ratio between et 


the volume of water produced by the rainfall causing the maximum peak flow, 
and the amount of pondage available back of the outflow device for storing 
part of this volume of water. In other words, although the peak flow computed 
by using the highest intensity of rainfall that will probably occur of a duration 
equal to the "'time of concentration" of the area may have a very high value 

in cfs, quite often when working with small drainage areas the total volume 


of water from the critical rainfall is small compared to the availavle pondage 
back of the outflow device, and the required outflow capacity of the later may ‘ 
only be a fraction of the peak flood flow so computed. 


| 
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EFCORDED 24-HONF RAINFALL 
Location 


Adjuntas 
Cayey 
Mayaguez 
Isabela 
Lajas 
Cenévenas 
Bayamén 
Isolina 


Lujuillo 
Vieques 
Fajardo 
Humacao 
Sen Lorenzo 
Cacuas 
Canévenas 
Caruas 

San Germén 
Lajas 

Yauco 

San Lorenzo 
Adjuntas 


Coamo 
Maunabo 
Manati 
Morovis 
Luguillo 
Fajardo 
Utuado 
Fajardo 
Cayey 
Adjuntes 
Mayaruez 
Barros 
Santa Isabel 
La Isolina 
Arecibo 
Menati 

Las Marfas 
Cayey 
Barros 


Humacao 
Guayama 
Ceyey 


Inches 


Cenévenes 


Huma cao 
Le Cermelita 


Yauco 
Cudénica Central 


Humacao 
Guénica 
Cidra 

Cayey 
Maricao 
Guayama 

La Carmelita 
San Salvador 
Aibonito 
Maunabo 
Nacuabo 
Blanco Res. 
Central Aguirre 
Aibonito 
Yabucoa 
Humacao 


Jayuya 

Rio Piedras 
Canévanas 
Caguas 

Rio Blanco 
Naguabo 
Maunabo 


TABIZ NO. 
Date Date Location Inches 
1203 
Aug. @ 23.00 Dec. 6.40 
11.€2 
1904 
11.20 
11.20 None 
7415 
5 €.12 19 05 
18.00 
Sept 22 6.15 
1900 Oct. 6.40 
Apr. 23 12.23 1906 
Apr. 28 8.00 
Apr. 29 8.45 None 
6.60 
8.31 2207 
6425 May 28 7.10 
en | June 4 8.0 6.20 
June 7 6.85 
June 8 6.00 1908 
June 10 70D 
July 31 725 None 
Aug. 8 11.54 
190 
May 13 7.83 
ave Jan. 23 8.10 Aug. 1 6.23 
eo May 26 7230 Aug. 22 6425 
Mar. 17 9232 6.09 
8.30 Nov. 12 6.50 
ee July 6 17.02 10.60 
July e 762 6.00 
eng Sept 12 8.50 6.43 
6.48 Nov. 13 
10.00 8.28 
6424 6.99 
Nov. 17 8.00 10.42 
Nov. 18 9.00 
6440 2210 
765 
Aug. 7 6410 i 
1902 Sept. 6 7.75 
May 6.0 13.54 
June 7 6.40 18.22 
re June 16 6.83 10.50 
364-12 
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TABLE NO. 1 (Cont.) 


a 


Inches Date Location 


| 


Humacao 14.90 Canévanas 
Fajardo 6250 Dorado 

Rio Piedras 6.50 Manati 
Cidra 8.30 Barceloneta 
Central Ingenio 10.07 Arecibo 
Comerio Falls 10.00 Barceloneta 
Corozal 12.10 Manati 
Vieoues Barceloneta 
San Juan Berceloneta 
Comerfio Falls 


Sak 
eR We 


AV 
8835558 


Ceyey 

San German Toro Negro 

Yabucoa Aibtonito 
Jayuya 
Carite Camp 
Cayey 

Guayama Toro Negro 

Cayey 

Oct. 8 Carite Dam 

Juncos 

Hda. Potala Apre 24 Toro Negro 

Toro Negro Dem Nove 20 Barceloneta 

Central Aguirre Manati 

Guayama 

Juana Diaz 

Patillas Dam 

Ponce Cepero 

Hda. Oriente Yabucoa 

Anasco Humacao 

Mayaguez Patilles Dam 
Toro Negro Dam 


Hda . Destino 

Dorado Canévanas 
Cangrejo 
Fajardo 
Yabucoa 

Cidra Isidora 

Juncos 

Humacao 

Oriente 

Naguabo None 


2921 


Arecibo Sept 10 Cabo Rojo 
Arecibo San Germdén 
Barceloneta Sept 11 Mayaguez 
San Juan 


is 
1910 1215 
| Sept. 7 
Dece 14 
Dec. 15 
1916 
191 
‘= 
7256 
6.00 
: 6.40 
6.01 
6.00 
8.19 
6.29 
6.10 
2919 
Sept.12 
Oct. 4 14.83 
6.75 : 
May 3 6.00 
1915 
Apr. 6 14-6 
Apr. 7 8.50 
9.50 
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Location 


Fajardo 
hibonito 
Humacao 
Juncos 


Neruabo 


Dorado 

Santa Isabel 
Naguabo 
Periuelas 

San Cristébal 
Santa Rits 
Barros 
Dorado 
Isabela 
Cenévanas 
Caruas 

Cidra 
Comerfo Fells 
Guayabal Dam 
Lares 
Maricao 

Pio Grande 
Utuado 
Isabela 
Lares 

Utuado 


Toa Baja 
Barceloneta 
Fajardo 
Humacao 
Yabucoa 
Canévanas 
la Fe 


TABLE NO. 1 (Cont.) 


Inches 


Location 


Maunabo 
Paraiso 
Cecuas 
Juncos 
Humacao 
Rio Grende 
Sen Lorenzo 
Sen Lorenzo 
Mericao 


Cidra 
Barceloneta 
Le Fe 
Cabo Kojo 
Coloso 
Dorado 
Humacao 
Mayarcuez 
San German 
Senta Rite 
Adiuntas 
Barros 
Caruas 
Jeyvya 
Limani 
Jauca 
Arenas 
Aug. Potela 
Barros 
Cayey 
Cidra 
Santa Isabel 
Coamo 
Isabela 
Mayr cuez 
Sen Juan 
Yabucoa 
Adjuntas 
Barros 
Cerite Camp 
Cidra 
le Isolina 
Maricao 
Rio Grande 
Patillas Dam 
Rio Piedras 
Limani 
Jauca 


Auge 4 
Aug. 5 
Sept 13 


| 
1922 1927 
740 
1923 $036 
7.00 
: None eeee Oct. 31 6.20 
10.20 
8.10 
Aug. 18 Nove 1 7200 
Aug. 19 OL : 
Nov. 10 6.23 1928 
7.20 
: 
1925 7220 
12.20 
Sept 26 6.0 7210 
J 926 6225 
8.53 
Jan. 15 7.0 &.50 ; 
July 23 6.00 9.90 
age 8.57 6.60 
6.80 7476 
| 9462 9403 
July 24 6.00 7290 
10.00 8.15 
4a 
4 > 49 7.70 
12.36 6.36 
7220 7.0 
= Sept 15 6.00 7239 
AS 7.50 18.00 
10.22 
1927 6.07 
| 10.00 
May 22 7665 10.00 
Oct. 30 9.13 12.50 
6.20 10.25 
al 10.10 11.00 
12.50 13.80 
364-14 
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Nov. 


Nov. 29 


Location 


Coloso 
Fajardo 
Guayama 
Humaecao 
Adjuntas 
Carite Camp 
Rio Grande 
San Lorenzo 
Vieques 
Paraiso 

San Cristébal 
Comerfo Fells 
Gnayebal Res. 
Juncos 

lercs 

Deyenén 

La Fe 

Dorado 

Ric Yerbas 
Limani 

Jauce 

Rio Blanco 
Colose 


Fajerdo 


Fajarco 


Sen Lorenzo 2.90 
San Lorenzo 9.20 
Jauca 76% 
Yehueces 6.60 
San Cristébal 6.56 
Guineo Dam 
Guayabel €.3C 
Maricao €.20 
Ferfiueles 10.84 
Rio Yerbas &.75 
Adjuntas 7-36 
Limani 72 
Bercelonote 
Quebradillas 2.17 
San Juan 7.92 
Vieocues 11.00 
Vieques Sugar Co. 10.00 


Sept. 1 
Sept 26 


Sept 27 


Location Inckes 


Colén 

Mericao 
isahele 
Fefueles 
Guineo Fes. 
Toro Negro Res. 


Meuneto 
Bsrros 
Beyaney 
Coloso 
Isahela 
Mayeguez 

Rio Fiedres 
Sabana Grande 
Cayey 
Comerio Falls 
Fronton 

Lares 
Mericeo 
Matrullas 

San Lorenzo 
Sen Sebastian 
Toro Negro Res. 
Adjuntes 
Blenco & Guaba 
Jauca 
Yahueces 
Yerbes 


Caho Rojo 
Mayaruez 
Vieques 
Maunabo 

La Fe 

San Cristébal 
Vieques Island 
Yabucoa 

San Cristébal 


Fe jardo 
Le Mina 
La Mina 


TABLE NO. 1 (Cont.) 
Date Inches Date 
2928 1932 | 
Sept 4 782 May 6 6.25 
12.28 6.5C 
May 7 €.32 
6.40 7.89 
11.60 
€.03 
12.00 
6.05 €.55 
ico 5.04 
12.00 
2c 
15 .CO 
€.20 
€.0C 6.15 
14.00 7425 
7025 
12.00 8.€C 
15 40 16.00 
7.08 
11.0C 
Sept 15 6.35 8.3C 
2229 11.70 
7677 
Mey 22 6.3C 7675 
1930 Sept 28 €.1C i 
June 12 1933 
1031 Mer. 3 11.15 
17.4C 
June 28 May 1 7.00 
Sept. 2 £625 
768 
May 2 6.18 
Sept. 3 
LES 
May 31 BES 
2224 
| None 
| 1935 
Feb. 3 6.65 
Nove 15 2.58 
Dec. 7 9.30 
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oes tion 


Yabucoa 
Pereiro 
Humaceo 
San Lorenzo 
Yahucoa 
Ensenada 
Sante Rita 
Le Mina 
Rio Blanco 
Le Mina 

Le Mira 
Rio Banco 
Yabucoa 
Maunalo 


Eayanén 
Guineo Fes. 
Fio Blanco 


Cusayama 


Quebradillas 
Camuy 

La Mina 

Lares 

San Juan 

La Fe 
Paraiso 

San Cristébal 
Vieques 
Vieques 
Fajardo 

Le Mina 

Yunes 

Mameyes 

Dos Bocas 
Isabela 
Josefa 

Garzas Res. 
La Fe 

La Mina 

Rio Blanco 
Rio Blanco (neer) 


Aguirre 


(Cont.) 


Jan. 28 
Feb. 2 


Mey 18 


May 19 


Larcelonete 

Le Mina 

Peruelas 

Viecues 

Fajardo 

Perafro 

Adjuntas 

Jayuya 
Crocovis 

Toro Negro Res. 
Villalha - Toro 
Nerro HEP #2 
le Fe 

La Mina 

Jauca 

Guineo Fes. 


La Mina 
Paraiso 

Rio Blanco 
Cenévenas 
Fajardo 

Sante Isabel 
San Francisco 
Cacuas 

La Mina 


Barceloneta 


Guayana 
Patillas 
Paraiso 
Rio Blanco 
Rio Blanco 
Aibonito 
Berranquites 
Carite 
Cubuy 
Yauco 

San German 
Adjuntas 
Aibonito 
Cidra 
Guineo Pes. 
Mericao 


NO. 1 
1936 1946 
Mey 20 6.5C £400 
10.0¢ 
€450 
June 16 € £5 9.25 
June 17 6.8C 6.00 
Sept 28 6.5C 8.64 
Dec. 28 10.65 12.10 
Dec. 29 
Bee. 30 11.73 
8437 
9.1C 
1937 Yay 20 
ape. 29 4.18 
OT Aug. 25 6.00 May 6 12.34 
No. 30 6.05 
Mey 7 14 
1238 May 21 9.5C 
May 31 6.95 
Feb. 5 7.10 Sept 27 6.06 
Feb. 6 6.11 7.290 
Mar. 2 Sept 30 6.22 J 
May 16 €.00 Dec. 14 2.19 
June 13 6.18 
8.20 1942 
10.80 
8.87 May 3 6.90 
6.78 
7.68 1243 
10.30 
a 10.87 Apr. 27 6.98 
June 4 5042 Apr. 28 9226 
6.10 May 16 6.43 
6.06 
a Nov. 6 8.15 June 16 942C 
Nov. 6 7.00 10.60 
8.07 6.80 
745 Oct. 6.30 
7.20 6.40 
No. 780 9.92 
8.30 
1939 9.20 
— 8.10 
Nov. 29 Le Mine 6.26 9.70 
4 
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Locetion 


Limanj. 
Orocovis 

Toro Negro Fes. 
San Francisco 
Carite Cemp 
Jéjome Alto 
Guineo Res. 
Jayuya 

Toro Negro Res. 
Cenévenas 
Corzas 


Cayey 


Pareiso 
Neguaho 
Yahbucoa 

Toro Negro 
Peraiso 
Curabo 
Cuineo 
Villalba 
Jéjame Alto 
Comerfo Fells 


Lees tion 


Juncos 

Cacuas 

Rio Blanco 
Garzeas 

Santa Rite 
San Germén 
Setena Crande 
San Francisco 


Sen Francisco 
Fnsenada 

Ste. Isabel 
Yauco 

Sante Rita 
Jayuya 
Feruelas 

San Lorenzo 
Coamo Dam 
Juana Diaz Camp 
Ponce 

Rio Cefias 
Sébena Grende 
Adjuntas 
Carite Camp 
Guineo Res. 
Pefiuelas 


San Lorenzo 
Toro Negro Res. 
Ste Just 


Guineo 
Toro Negro 
Cayey 
Ponce 
Sante Rite 
Cayey 
Guineo 
Jajone Alto 
Maricao Ensenada 
MetrulJas Dem CGuayama 
San Lorenzo Sabater 
Toro Negro g Yauco 
Villalba 3 Coamo 
Jvana Diaz Camp 
1946 Rio Casias 
Rio Jueyes 
Nov. 16 San German 
Sante Rita 
1947 Villalba 
Cerite Camp 
May 31 San Lorenzo Carite Plant #1 
Guayabal Res. 
Jaéjame Alto 
Peruelas 


~ 


w 


Le jas 
San Francisco 


Ae 
4 
TABIE NC. (Cont.) 
Date Inches Dete Inches 
1943 1948 
Oct. 4 6.05 Sept. 2 6.09 | 
€.03 Sept. 3 6.89 6 
7-70 10.30 
6.75 Sept 1€ 6420 
Oct. 15 8.C2 8.30 . 
9.75 6.22 
7.33 2.48 
8.06 13.80 
9.90 
6.08 1949 
945 
| 14.10 Sept 21 8.10 
6.39 
6.00 
8.45 
June 14 6.37 £430 
July 12 6.60 606 
6.20 6.25 
71H 7.26 
Aug. 14 6.83 Sept 22 7255 
754, 6.71 
9.35 6.37 
7029 6.36 
Sept 11 6.28 6.C2 
Oct. 30 6.86 6.09 
6260 
2245 7223 
6.9% 
6430 
6.38 
6.CO 
635 
15.22 
9-03 
7.3 
6.15 Vi 
7.19 
7229 
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TABLE NO, 2 


MAXIMUM 24-HOUR RAINFALL INTENSITIES RECORDED 
IN PUERTO RICO DURING THE DIFFERENT MONTHS 
Period 1899-1950 


Inches 
Month Year Place Reinfel} 


Januery : Coamo 8.10 
Februery Quebredillas 7.10 
March Meyeguez 17-40 
April Luquillo 12.33 
May Le Fe 12.20 
June Cenévenas 14.83 
July 6 Luquillo 17.02 
August Ad juntes 23-00 
September Neguaebo 18.22 
October Cerite Cemp 14.10 
November Yebucoa 12.90 
December Sen Juan 10.55 


Be 
; 
+ 
= 
364-18 
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TABLF NO, 3 


MAXIMUM RAINFALLS IN SAN JUAN, Pe Re 


Date 


July 12, 1905 
April 3, 1906 
Sept. 22,1906 
May 20, 1907 
Jane 24, 1909 
Nove 23, 1909 
April 9, 1919 
June 2?, 1910 
Septe 6, 1910 
Dece lA, 1910 
April 18,1911 
May 22, 1911 
July 22, 1911 
Sept. 17,1911 
9, 1911 
May 15, 1912 
Septe 15,1912 
May 4, 1913 
Septe21, 1913 
May 3, 1914 
Oct. 5» 1914 
Nove 5, 1914 
April 7, 1915 
20, 1915 
Dece 6, 1915 
Septe 5, 1916 
Septe 16,1916 
May 10, 1917 


Sept. 17,1920 
Sept. 28,1920 
Oct. 235 1920 
May 1, 1921 
Dece 1 1922 
Sept. 3, 1923 
Oct. 15, 1923 
Nov. 14, 1923 
Nove 15, 1923 
April 26,1924 
July 21, 1924 
Sept. 23,1924 
Octe 31, 1924 
Jane 14, 1926 
July 23, 1926 
Auge 16, 1926 
March 5» 1927 


Rainfall, Inches 


hour 


2270 
2.97 
1.61 
1.48 
2028 
1.63 
2014 
1.98 
4e27 
3220 
1.40 
1.62 
1.31 
1.62 
1.61 
1.61 
1.51 
1.96 
1.08 
1.84 
1.% 
2072 
3.01 
1.58 
2240 
1.31 
1.33 
2.62 
3-60 
3-31 
3098 
1.27 
2204 
1.46 
1.56 
2205 
1.08 
2073 
209 
1.99 
1.28 
252 
2-55 
1.18 
2.01 
1.91 
1.52 
2216 
2el1l 
2626 


6 hour 


2290 


24 hour 


3.01 
4-55 
1.71 
1.69 


2636 
2.21 
1.20 1.59 
1.47 1.53 
1037 2067 2.73 
103% 1.92 1.93 
2004 217 2.17 
1.75 3.43 3260 
he2l 5042 
3429 bel4 10.55 
1.25 144 
1.62 1.62 1.96 
1.71 1.32 1.99 
47 1.68 1.68 1.68 
1.3% 1.49 2210 2012 
1.49 1.59 1.62 1.63 
1043 1.48 1.53 1.68 
1.2? 1.76 2.30 2.66 
1.03 1.07 1.08 1.42 
1.15 1.78 2.18 2018 
1.17 1.33 1.71 1.71 
2049 2071 2074 07h 
1.84 2052 6.19 
1.22 1649 2.79 241 
1.25 2.38 2046 2052 
1.14 1.20 1.32 2210 
1.25 1.33 1.33 1.33 
1.21 2052 2270 2.70 
Feb. 23, 1912 2,00 2027 40% 
Oct. 24, 1918 2024 3230 303% 30% 
June 11, 1919 1.98 2098 heo28 5.22 
Nov. 2h» 1919 1.06 1.26 1.27 1.27 7 
Jane 1, 1920 1.00 1.69 2.06 2.06 ‘ 
1.09 1.30 1.43 1.48 n 
1.09 1.42 1.65 1.65 e 
1.81 2.05 2205 2.05 
1.07 1.08 1.08 1.27 : 
1.95 2062 2684 
1.19 2.16 2.58 
1.% 1.38 1.43 1.57 
1.14 1.24 1.71 1.71 
2014 2.51 2.52 205k 
2.04 2.55 2055 2.65 
1.4 1.17 1.18 1.18 
1.96 1.97 2.01 2201 
1.40 1.90 1.91 1.91 
1.33 1.33 2066 2.67 
1.10 1.80 2.76 3.66 
1.68 1094 2013 2270 
1.16 1.72 2055 2.55 
e 
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TABLE NO. 3 (Cont.) 


April 14,1927 3 2056 
June 27, 1927 1.12 
May 7, 1928 2063 
July 10, 1928 1.72 
Aug. 3, 1928 3037 
Sent. 13,1928 2200 
June 3%, 1929 1.35 
Sept. 1, 1929 1.29 
Jane 9, 1930 
Nov. 19, 1930 1.56 
Dece 6, 1930 1.06 
Merch 21,1931 1-79 
June 20, 1931 1.24 
Nov. 1), 1931 Le 
April 29,1932 1.28 
June 27, 1932 ; 1.27 
12, 1932 
June 20, 1933 
Jane 3, 1934 
June 23, 1934 
Septe?5, 1934 
Nove 9, 1934 
Feb. 7, 1935 
Aups 10, 1936 
Nove 2, 19% 
March 22,1938 
Septe 9, 1938 
May 6, 1941 
Nove 21, 1941 
Sept. 1, 1942 
Nove 2%, 1942 
Auge 15, 1944 
Septe 17,1944 
June 14, 1946 
May 30, 1947 
June 2, 1947 
Auge 1947 
Cepte 22,1947 
May 26, 1948 
June 1948 
July 3, 1948 
Dete 1949 

1950 

1950 

1951 

1951 

1951 

1951 


f — 


2091 3021 3250 
1641 1.71 2.2 
280 3039 7.799 | 
1624 1.27 1.27 
1.91 1.92 1.2% 
1.70 1.71 1.78 
1.16 1.31 1.12 
1.22 1.°1 1.91 
3 1.27 1.44 1.62 
5-16 6.24 7.92 
1.91 1.°% 1.94 
1.20 1.% 1.70 
4e22 he52 
1.82 1.8% 
1.°6 1.91 2633 
1.74 1.90 1.90 
2028 Ael9 
1.9 1.46 
167% 1687 1.57 
ad 1.71 2025 2.25 
1.25 1.25 1.25 
1.95 2015 2.82 
1.30 1.17 1.17 
1462 1.93 1.23 
5-61 5091 9283 
2.02 2.07 2.09 
2201 2.02 2.35 
ie 1.13 1.1? 1.26 
1.67 1.67 2209 
1.93 2677 3659 
2017 2-20 2.46 
1.22 1.63 1.73 
364-20 
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PROCEEDINGS-SEPARATES 
VOLUME 79 (1953) 


The technical papers published in the current calendar year are presented below. Technical division 
sponsorship is indicated by an abbreviation at the end of each Separate Number, the symbols referring to: 
Air Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), 
Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), Sanitary Engineering (SA), Soil Mechanics and 
Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways (WW) divisions. For titles 
and order coupons, refer to the appropriate issue of “Civil Engineering.” 


JANUARY: 164(SA), 165(WW), 166(WW), 167(SA), AUGUST: 230(HY), 231(SA), 232(SA), 233(AT), 
168(CO) & (ST), D-117(ST), D-122(HY), 234(HW), 235(HW), 236(HW), 237(AT), 238(WW), 
D-125(ST). 239(SA), 240(IR), 241(AT), 242(IR), 243(ST), 

244(ST), 245(ST), 246(ST), 247(SA), 248(SA), 


249(ST), 250(EM),© 251(ST), 252(SA),°253(AT), 
FEBRUARY: 169(HY), 170(ST), 171(CP), 172(SU) & 254(HY), 255(AT), 256(ST), 257(SA), 258(EM), 


(AT), 173(SU) & (AT), 174(SU) & (AT), 175(HY), 
D-121(HW), D-127(ST). 259(Ww). 


SEPTEMBER: 260(AT), 261(EM), 262(SM), 263(ST), 
MARCH: 264(WW), 265(ST), 266(ST), 267(SA), 268(CO), 
180(HY), D-123(HY), D-126(ST), D-128(ST). 269(CO), 270(CO), 271(SU), 272(SA), 273(PO), 
274(HY), 275(WW), 276(HW), 277(SU), 278(SU), 
APRIL: 181(WW), 182(ST), 183(ST), 184(HY), 279(SA), 280(IR), 281(EM), 282(SU), 283(SA), 
185(EM), 186(HY), 187(ST), 188(HY), D-135(HY), 284(SU), 285(CP), 286(EM), 287(EM), 288(SA), 
D-136(ST). 289(CO). 


MAY: 189(HY), 190(HY), 191(CP) & (AT), 192(SM) OCTOBER:4 290(all Divs), 291(ST),© 292(EM),¢ 
193(HY), D-129(PO), D-138(CP), D-145(ST). 293(ST),¢ 294(PO),¢ 295(HY),¢ 296(EM),¢ 
297(HY),© 298(ST),© 299(EM),© 300(EM),° 


301(SA),*° 302(SA),© 303(SA),© 304(CO),¢ 
JUNE: 194(CP) & (AT), 195(SM), 196(CP) « (AT), 305(SU),© 306(ST),© 307(SA),© 308(PO),° 


197(HY), 198(ST), 199(EM), D-134(HY), 309(SA),© 310(SA),© 311(SM),© 312(SA),¢ 


313(ST),© 314(SA),© 315(SM),¢ 316(AT),¢ 
317(AT),© 318(WW),© 319(IR),© 320(HW).° 
JULY:4 200(SM), 201(sT),> 202(EM),> 203(SA),> 


b 
NOVEMBER: 321(ST), 322(ST), 323(SM), 324(SM), 
212(su),> 213(1R),> 214(HW),> 325(SM), 326(SM), 327(SM), 328(SM), 329(HW), 
335(SA), 336(SA), 337(SA), 338(SA), 339(SA), 
> 340(SA), 341(SA), 342(CO), 343(ST), 344(ST), 
345(ST), 346(1R), 347(1R), 348(CO), 349(SM), 

350(HW), 351(HW), 352(SA), 353(SU), 354(HY), 

355(PO), 356(CO), 357(HW), 358(HY). 


DECEMBER: 359(AT), 360(SM), 361(HY), 362(HY), 
363(SM), 364(HY), 365(HY), 366(HY), 367(SU),® 
368(WW),© 369(IR), 370(AT),© 371(SM),© 372(CO),© 
373(ST),© 374(EM),© 375(EM), 376(EM), 377(SA),°® 
378(PO).® 


. Beginning with “Proceedings-Separate No. 200,” published in July, 1953, the papers were printed by the 
photo-offset method. 

. Presented at the Miami Beach (Fla.) Convention of the Society in June, 1953. 

. Presented at the New York (N.Y.) Convention of the Society in October, 1953. 

. Beginning with “Proceedings -Separate No. 290,” published in October, 1953, an automatic distribution 
of papers was inaugurated, as outlined in “Civil Engineering,” June, 1953, page 66. 

. Discussions, grouped by divisions. 


| 
| 
| 
| 
b 
c | 
d | 
e 
| 
| 
| 


AMERICAN SOCIETY OF CIVIL ENGINEERS 
OFFICERS FOR 1954 


PRESIDENT 
DANIEL VOIERS TERRELL 


VICE-PRESIDENTS 


Term expires October, 1954: 
EDMUND FRIEDMAN 
G. BROOKS EARNEST 


Term expires October, 1955: 
ENOCH R. NEEDLES 
MASON G. LOCKWOOD 


ar 


DIRECTORS 
Term expires October, 1954: Term expires October, 1955: Term expires October, 1956: 
WALTER D. BINGER CHARLES B. MOLINEAUX WILLIAM S. LaLONDE, JR. 
FRANK A. MARSTON MERCEL J. SHELTON OLIVER W. HARTWELL 
GEORGE W. McALPIN A. A. K. BOOTH THOMAS C. SHEDD 
JAMES A. HIGGS CARL G. PAULSEN SAMUEL B. MORRIS 
I. C. STEELE LLOYD D. KNAPP ERNEST W. CARLTON 
WARREN W. PARKS GLENN W. HOLCOMB RAYMOND F. DAWSON 


FRANCIS M. DAWSON 


PAST-PRESIDENTS 
Members of the Board 


CARLTON 5S. PROCTOR WALTER L. HUBER 


TREASURER EXECUTIVE SECRETARY 
CHARLES E. TROUT WILLIAM N. CAREY 


ASSISTANT TREASURER ASSISTANT SECRETARY 
GEORGE W. BURPEE E. L. CHANDLER 


PROCEEDINGS OF THE SOCIETY 


HAROLD T. LARSEN 
Manager of Technical Publications 


DEFOREST A. MATTESON, JR. 
Editor of Technical Publications 


PAUL A. PARISI 
Asst. Editor of Technical Publications 


COMMITTEE ON PUBLICATIONS 
FRANK A. MARSTON 
1. C. STEELE GLENN W. HOLCOMB 
ERNEST W. CARLTON OLIVER W. HARTWELL 
SAMUEL B. MORRIS 


| 
= 

4 
i, 

| 


